End-stage renal disease · Hemodialysis · Timing of dialysis initiation · Glomerular filtration rate · Mortality Abstract Background: Hemodialysis is the main approach for renal replacement therapy in patients with end-stage renal disease (ESRD) in China. The timing of dialysis initiation is one of the key factors influencing patient survival and prognosis. Over the past decade, the relationship between the timing of dialysis initiation and mortality has remained unclear in patients with ESRD in China. Methods: Patients who commenced maintenance hemodialysis from 2009 to 2014 from 24 hemodialysis centers in Mainland China were enrolled in the study (n = 1,674). Patients were divided into 2 groups based on the year they started hemodialysis (patients who
Introduction
In China, hemodialysis is the main approach for renal replacement therapy for patients with end-stage renal disease (ESRD). Among all patients undergoing dialysis, 90% of them received hemodialysis [1, 2] . The optimal timing of dialysis initiation could improve a patient's quality of life and prognosis [3] [4] [5] . However, controversy remains regarding when to initiate hemodialysis. In 1985, Bonomini et al. [6] reported that initiation of dialysis in patients with a high glomerular filtration rate (GFR; estimated GFR [eGFR]) could reduce the hospitalization rate and mortality. Since then, several studies have suggested that dialysis at higher eGFRs could improve patients' prognosis by reducing the incidence of malnutrition and hospitalization rates [7, 8] . In clinical practice, initiation of dialysis at high eGFRs is called "early dialysis." However, in the last 10 years, many studies have suggested that early dialysis did not benefit patients and could even increase the risk of death [9] [10] [11] [12] [13] .
Since the 1990s, early dialysis was preferred in the United States, Canada, and Europe, and the proportion of patients receiving dialysis with an eGFR > 10 mL/min/1.73 m 2 had been increasing until 2010, after which it decreased [14] . In comparison, in Asia (Japan, South Korea, and Singapore), patients with ESRD began to undergo dialysis with a relatively lower eGFR (average value approximately 5 mL/min/1.73 m 2 ) [15] [16] [17] . Based on these findings, many countries and regions have decided upon an appropriate time to start hemodialysis for their own patients [18] [19] [20] [21] . A cross-sectional survey of a nationally representative sample of Chinese adults demonstrated that 120 million patients have chronic kidney disease (CKD) with 19 million of them having stage 3 CKD [22] , 110 million have diabetes [23] injury, and 250 million have hypertension [24] . It was estimated that if 30% of patients with stage 3 CKD develop to ESRD, 30% of patients with diabetes have kidney injury, and 50% of them develop ESRD within 10-20 years, there will be an annual increase of 0.5-1 million new ESRD patients over the next 10-20 years in China.
However, according to the Chinese Renal Data Service, there were 447,435 patients undergoing dialysis until 2016, with an increase of 75,831 cases, a prevalence of patients undergoing dialysis of 325 per million population (PMP), and an annual increase of approximately 50% in 2016 [25] . In comparison, the prevalence of patients with ESRD on dialysis reached 3,093 PMP in 2016 in Taiwan, whereas it was 758 PMP and 1,498 PMP in Hong Kong and the United States, respectively. Therefore, the current proportion of patients with ESRD undergoing hemodialysis is still relatively low in China, which is mainly attributed to the short survival time extended by hemodialysis. The average dialysis duration for patients who died in 2016 in China was 42.8 months, while the average dialysis duration for patients still on dialysis was 41 months [25] . Therefore, it is necessary to gain a clear insight into the start time of hemodialysis in Chinese patients, which will help to determine the optimal timing of dialysis initiation to improve the quality of life of dialysis patients and to reduce their mortality rate. However, in Mainland China, only Beijing and Shanghai have regional research reports on the time of dialysis initiation, while there is lack of such reports at the national level [26, 27] . Furthermore, as the dialysis initiation guidelines were updated by the European Renal Best Practice in 2011 [21] and Kidney Disease Improving Global Outcomes in 2012 [28] , the changes in eGFR at initiation in China were unknown. Therefore, the present study, which is a nationwide multicenter retrospective cohort study, analyzed the overall trends and characteristics of the timing of dialysis initiation, the trend in eGFR at initiation before and after 2012, and evaluated the relationship between the timing of dialysis initiation and mortality in patients with ESRD in Mainland China. Meanwhile, the timing of dialysis initiation in Chinese patients with ESRD was also compared with that in other countries.
Materials and Methods

Study Design and Patient Selection
Twenty-four hemodialysis centers from Mainland China participated in this study (including the Northeast, North, East, Central south, Southwest, and Southeast; the list of the participating institution is included in the appendix). This study was approved by the Ethical Committee of the first affiliated hospital of Dalian Medical University (LUCK 2014-25) and Ethical Committees of all the participating institutions. We obtained written informed consent from all patients, and personal information was protected during data collection.
Screened patients comprised those with ESRD who started maintenance hemodialysis between January 1, 2009, and December 31, 2014, and met the following inclusion criteria: (1) 16-80 years old; (2) diagnosed with CKD with 2 consecutive eGFR measurements of < 30 mL/min/1.73 m 2 within 3 months before dialysis; and (3) duration of maintenance hemodialysis was > 3 months. The exclusion conditions were (1) patients who have undergone peritoneal dialysis or kidney transplantation before or after hemodialysis; (2) patients with the presence of cancer, chronic infection, liver cirrhosis, or other diseases that can affect survival time at the initiation of hemodialysis; (3) patients who died from nondisease-related causes, such as traffic accidents and suicide; (4) patients with acute kidney disease; and (5) patients who underwent emergency hemodialysis because of acute pulmonary edema, hypokalemia, or acidosis.
Outcome
The survival time of the patients was measured in months and was calculated from the date of dialysis initiation to the date of their death or to the final follow-up date (September 30, 2016). Information on a patient's death was extracted from the patient's medical records, and the cause of their death was diagnosed by internal medicine physicians.
Grouping of the Patients
First, the patients were divided into 2 groups according to the time of hemodialysis initiation in fiscal years: 2009-2011, which included patients who started dialysis between 2009-2011; and 2012-2014, which included patients who started dialysis between 2012 and 2014. The patients' eGFRs and clinical parameters at the start of dialysis were compared between the 2 groups. We also divided the cohort into 3 groups based on the patient's eGFR at the initiation of hemodialysis: > 8, 4-8, and < 4 mL/min/1.73 m 2 . The association between clinical factors and mortality for these 3 groups were analyzed.
Data Collection
Demographic data of the patients included gender, date of birth, and the date of dialysis initiation. Clinical data at the initiation of dialysis were collected including status of vascular pathways; presence of diabetes; clinical signs and/or symptoms including heart failure, digestive tract symptoms, edema of stage II and above, and uremia encephalopathy. The laboratory tests were performed within 3 months before dialysis initiation, and the tested factors included hemoglobin, serum albumin, serum urea nitrogen, serum creatinine, serum potassium, blood phosphate, and parathyroid hormone. Modification of diet in renal disease formula 7 was used to calculate the eGFR value at the initiation of dialysis in all patients. The formula is eGFR = 170 × Scr -0.999 × age -0.176 × BUN -0.170 × Alb 0.318 (× 0.762, if the patient is female) [29] , where Scr is serum creatinine, BUN is blood urea nitrogen, and Alb is albumin.
Data for all the patients were from electronic outpatient and inpatient medical records provided by the dialysis center. All researchers involved in this study were internal medical physicians and postgraduate students studying kidney disease, who have received unified training. The clinical symptoms and physical status of the patients at the start of dialysis, which were extracted from the patient's clinical records, were diagnosed by kidney disease physicians. Such data, which were checked by the data entry clerk when they were extracted, match the definition of clinical symptoms/signs of ESRD as defined in the Kidney Disease Improving Global Outcomes guidelines of 2015 [18] . In addition, to ensure the accuracy of data entry, data of 100 patients were randomly selected and entered independently by data entry clerks Y.L., L.W., and X.H., respectively.
Statistical Analysis
Continuous variables within a normal distribution were expressed as the mean ± SD. Comparisons between groups were performed using an independent t test, while comparisons between multiple groups were performed using single factor analysis of variance. Continuous variables not within a normal distribution were expressed as the median or 4-point spacing, and comparisons of these data between groups were performed using the Kruskal-Wallis test. Categorical variables were expressed as a percentage (%), and differences between groups were analyzed using the χ 2 test. A multiple imputation approach was applied to process missing data. Multivariate logistic regression analysis was performed to explore the association between prognosis and the clinical factors, including demographic data, clinical symptoms/signs, and laboratory results of various indicators at the start of dialysis. Kaplan-Meier survival curves, log-rank tests, and multivariate Cox regression models were used to analyze the relationship between the survival outcome after dialysis and the eGFR level at the start of dialysis. SPSS software (version 19.0, IBM Corp., Armonk, NY, USA) was used for statistical analysis. All statistical tests were bilateral, and p < 0.05 was considered statistically significant.
Results
Cohort Characteristics
Between 2009 and 2014, there were 2,086 patients with ESRD who commenced maintenance dialysis in the 24 hemodialysis centers. Among these patients, 323 were excluded as they did not meet the inclusion criterions, and 89 were excluded because of lack of data on the levels of urea nitrogen, creatinine, serum albumin, clinical signs and/or symptoms at the start of dialysis, or outcome data. Finally, a total of 1,674 patients were included in the study. The research flow chart is shown in Figure 1 . For the selected patients, at the start of dialysis, male patients accounted for 61.9%, patients with diabetes accounted for 31.9%, the average age was 53.4 ± 13.7 years old, the average eGFR at the start of dialysis was 6.5 ± 3.3 mL/ min/1.73 m 2 , and the median eGFR was 5.8 mL/min/1.73 m 2 .
Comparison of Patient data between 2009-2011 and 2012-2014
There were 872 patients who started dialysis between 2009 and 2011, and 802 patients who started dialysis between 2012 and 2014. There were no significant differences between the 2 groups regarding gender, age, and eGFR at the start of dialysis. Compared with the 2009-2011 group, the proportion of patients with diabetes and patients using central venous catheters in the 2012-2014 increased significantly from 26.7 to 37.7% and from 58.0 to 78.1, respectively (both p < 0.001). A comparison of the clinical signs and/or symptoms showed that there was a higher proportion of patients who had heart failure, symptoms of digestive tract disease, edema of stage II or above, or uremic encephalopathy in the 2009-2011 group compared with those in the 2012-2014 group (p < 0.05). Mortality within 1 year after initiation is not significantly different between the 2 groups (Table 1) .
Independent comparative analysis within the 2 groups showed that age and eGFR at the start of dialysis in patients with diabetes were higher than those in patients without diabetes. In addition, the proportion of patients with clinical signs and/or symptoms, including heart failure and edema at stage II or above, was also higher among patients with diabetes than in patients without diabetes. However, the levels of serum albumin and serum parathyroid hormone were significantly lower in patients with diabetes than in patients without diabetes. Further, mortality within 1 year after initiation was higher in patients with diabetes than in those without diabetes in 2012-2014, while there was no significant difference in the mortality rate between patients with and without diabetes for 2009-2011 ( Table 2) .
Changes in the Timing of Dialysis Initiation between 2009 and 2014
Calculation of the annual average eGFR at the start of dialysis demonstrated that the lowest value was 6.18 mL/min/1.73 m 2 in 2009, while the highest value was 6.80 mL/ min/1.73 m 2 in 2014, with no significant change of the annual average eGFR at the start of dialysis (p = 0.232; Fig. 2) . By comparing the eGFR at the start of dialysis between patients with diabetes and patients without diabetes in any year, we found that the eGFR in patients with diabetes from any year was higher than that in patients without diabetes (Fig. 2B) . The proportion of patients with eGFRs of < 4 mL/min/1.73 m 2 , at 4-8 mL/min/1.73 m 2 and > 8 mL/min/1.73 m 2 at the initiation of dialysis did not change significantly over the years (p = 0.789; Fig. 2C ). There was also no significant difference in the eGFR at the start of dialysis between 2009-2011 and 2012-2014 (p = 0.627; Fig. 2D ).
Factors Associated with the Timing of the Initiation of Hemodialysis
Multivariate logistic regression analysis was performed for late start group, intermediate start group, and early start group. The results showed that being male, older, and having diabetes or heart failure before dialysis were the causes for early dialysis start. Meanwhile being female, having symptoms of digestive tract disease and hyperphosphatemia were associated with late dialysis start (Table 3) . The group with an eGFR <4 mL/min/1.73 m 2 was used as the reference group. eGFR, estimated glomerular filtration rate.
Survival Analysis
Unadjusted Kaplan-Meier analysis suggested that commencing dialysis early was associated with the lowest survival rate (log-rank test p = 0.002; Fig. 3 ). However, after adjusting for effectors of age (< 55, 55-70, > 70), gender, diabetes, type of vascular access at initiation, clinical signs, and/or symptoms at the initiation of dialysis (heart failure, symptoms of digestive tract disease, edema of stage II or above, and uremia encephalopathy), and serum albumin (≤35, > 35 g/L), there was no significant difference in survival rate between the 3 groups (< 4 mL/min/1.73 m 2 was used as the reference, in comparison with 4-8 mL/min/1.73 m 2 [p = 0.681] and > 8 mL/min/1.73 m 2 [p = 0.403]). The Cox regression model demonstrated that old age, diabetes, hypoalbuminemia, presence of uremia encephalopathy before dialysis were risk factors associated with mortality after initiation of dialysis (50-70 years old, hazard ratio [HR] 1.719, 95% CI [1.323-2.235], p < 0.001; > 70 years old, HR 2.868, 95% CI [2.036-4.040], p < 0.001; diabetes, HR 1.334, 95% CI [1.028-1.729], p = 0.030; hypoalbuminemia, HR 1.471, 95% CI [1.164-1.859], p = 0.001; uremia encephalopathy, HR 1.817, 95% CI [1.201-2.750], p = 0.005; Fig. 4 ). . Survival rate in the late start group with eGFR > 8 mL/min/1.73 m 2 was lower than that for the other groups (log-rank test p = 0.002); there was no significant difference in the survival rate for the group with an eGFR of 4-8 mL/min/1.73 m 2 and the group with an eGFR < 4 mL/ min/1.73 m 2 (log-rank test p = 0.478). eGFR, estimated glomerular filtration rate. 
Discussion
Our study is the first report of nationwide retrospective cohort research concerning the timing of initiation of hemodialysis in patients with ESRD in Mainland China. We analyzed the data for 1647 ESRD patients who started maintenance hemodialysis between 2009 and 2014. The participating centers were distributed across 6 administrative regions that have high population densities. Therefore, the cohort could represent the timing of dialysis initiation of patients with ESRD between 2009 and 2014 in Mainland China.
The average and median eGFR at the start of dialysis for patients who started dialysis between 2009 and 2014 were 6.5 ± 3.3 and 5.8 mL/min/1.73 m 2 , respectively, which are lower than those of America, Canada, and the United Kingdom [14, [30] [31] [32] while higher than those of Korea, Japan, Singapore, and other countries in East Asia during the same period [15] [16] [17] . A previous study reported that the average and median eGFRs at the start of hemodialysis for patients in the Beijing area between 2007 and 2012 were 8.6 ± 13.0 and 6.0 mL/min/1.73 m 2 [33] , respectively, which are higher than the results shown in our study. However, that study included patients who commenced dialysis with a high eGFR under unstable conditions, such as acute left heart failure, hyperkalemia, and so on, which may lead to the relatively high average eGFR. Meanwhile, that study only included data from one city. In addition, Beijing, as the capital city of China, has a more developed economy and relatively higher medical insurance coverage compared with other areas of China, which could also have contributed to the higher eGFR at the initiation of dialysis compared with that reported in the present study.
There has been a pervasive upward trend of eGFR at initiation within and outside the United States for more than a decade, as the clinical practice guidelines recommended dialysis initiation at a higher GFR [34] [35] [36] [37] . After the publication of several observational studies and the IDEAL study, guidelines for dialysis initiation updated after 2012 avoided mentioning a specific eGFR at initiation and thus the trend for early dialysis slowed down [3] . We compared the eGFR at initiation of patients with ESRD in China between 2009-2011 and 2012-2014. However, the results demonstrated that the eGFR at the start of dialysis did not change over time in China, and the trend of eGFR at initiation also did not change after renewal of the guidelines. These results showed that in clinical practice, the timing of dialysis initiation is not dependent on eGFR alone. Meanwhile, the proportion of patients with diabetes between 2012 and 2014 increased compared with that between 2009 and 2011, which is probably related to the increased incidence of diabetes in China in recent years. Subgroup analysis found that patients with ESRD patients and diabetes were more prone to fluid overload, which can lead to heart failure, edema of stage II or above, and other related clinical symptoms. Therefore, these patients usually started dialysis with a relatively high eGFR because of the clinical signs and/or symptoms mentioned above. Further logistic regression analysis demonstrated that diabetes was associated with early dialysis initiation, along with being male and the presence of the symptoms of heart failure. Meanwhile, symptoms of digestive tract disease and hyperphosphatemia are associated with late dialysis initiation. Therefore, decisions regarding the initiation of dialysis must take into consideration not only the eGFR but also demographic characteristics, clinical signs and/or symptoms, and other laboratory data, regardless of whether the patient has diabetes [18, 33] .
Our study also found that from 2012 to 2014, the proportion of dialysis patients using a central venous catheter as the access for dialysis initiation increased from 58.0 to 78.1%. Such an increase is mainly caused by the increased ratio of patients with diabetes, heart failure, and fluid overload. By contrast, the use of central venous catheter for the dialysis initiation was only 18% in America in 2014, as reported by the 2018 USRDS annual report [38] .
By contrast, the use of hemodialysis catheters as the main vascular access for Chinese patients with ESRD at the start of their dialysis indicated that a large proportion of patients had missed their optimal timing of dialysis initiation when they were admitted to hospital, which is possibly another reason why the eGFR at the start of dialysis is lower in Chinese patients ESRD than that in European and American patients. Therefore, it is necessary to explore the optimal timing for dialysis initiation for patients with ESRD in China, which could be assisted by strengthening the follow-up of CKD, improving the education of patients with ESRD patients before dialysis, and better preparation of vascular access.
We found that the proportion of patients with older age, who were male, or who had diabetes was significantly higher in the group with higher eGFR (> 8 mL/min/1.73 m 2 ) than that in the group with lower eGFR (4-8 and < 4 mL/min/1.73 m 2 ). This result is consistent with previous observational studies using large samples [39] [40] [41] .
This study is also reflected in clinical practice. For example, elderly patients tend to have more complications and need early dialysis initiation. Male patients start dialysis earlier than female patients, possibly because of the presence of more complications in male patients. However, such a difference between the genders could also reflect the use of Modification of Diet in Renal Disease formula 7 for GFR estimation, which is based on the level of blood creatinine. Women have a relatively lower level of creatinine; therefore, the use of this formula could overestimate the renal function in women and ultimately result in late dialysis.
The relationship between eGFR and survival in patients with different timings of dialysis initiation was also analyzed. Using Kaplan-Meier survival curves, we found that the survival rate was significantly lower in patients with a high eGFR at the start of dialysis than in patients with a low eGFR at the start of dialysis. However, such difference disappeared after adjusting for confounding factors, including age, gender, diabetes, clinical signs and/or symptoms (heart failure, symptoms of digestive tract disease, edema of stage II or above, and uremia encephalopathy), and serum albumin. This result is consistent with the most recent observational studies and the IDEAL study [9, 30, 36, 40] .
However, all these results are based on the use of eGFR as the only indicator for the analysis of the timing of the dialysis initiation and therefore can only suggest that the eGFR at the start of dialysis was not associated with the mortality of the patients.
In clinical practice, decisions on the timing of dialysis initiation not only consider the patients' renal function but also should take into consideration of the patients' clinical signs and/or symptoms, and nutritional status [18] . Therefore, evaluation using eGFR only to determine the timing of dialysis initiation is not appropriate. In addition, as the clinical signs and/or symptoms, and nutritional status depend on subjective judgment and are difficult to standardize, further research is required to explore a new, quantitative method that uses multiple factors to evaluate the timing of dialysis initiation.
